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Abstract

Today©s simulations often need advanced software tools to manage the complexities associated with sophisticated
geometry, mesh, and field manipulation tasks, particularly as computer architectures move toward the petascale.   In
this tutorial, we will teach participants about a suite of such tools specifically designed for parallel computation by
the Center for Interoperable Technologies for Advanced Petascale Simulation (ITAPS).  We start with an overview
and introduction of our technology development philosophy which is that such services can be provided as libraries
that can be used with minimal  intrusion into application codes.  We briefly describe several  available services
including dynamic partitioning, mesh adaptation, mesh quality improvement, and front tracking. Underlying these
services are a common data model and interfaces that are key to providing uniform access to all tools. We will teach
attendees basic use of the interfaces through simple examples and provide advice on best practices for use of ITAPS
software. 
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Description
Goals and Target Audience.  The primary goal for this tutorial is to introduce application scientists to tools and

libraries that are available for advanced mesh, geometry, and field manipulations on large-scale parallel computers.
These scientists will either have an application code in hand or be planning the development of an application that
requires techniques such as adaptive mesh refinement or front tracking to help them reach their scientific goals.
The first  part  of the tutorial  will introduce the audience to the wide variety of available software libraries that
provide such services  and include examples of their use in application codes.  The second part of the tutorial will
target application scientists who are interested in more details of the ITAPS philosophy and who may be ready to
try one or more of the available tools.  The detailed discussion of ITAPS interfaces and the handson exercises are
aimed primarily at this group, but will also give those new to ITAPS technologies a clear view of what’s involved in
writing, building, and using these packages. 

Content Level. 30% beginner, 45% intermediate, 25% advanced

Audience Prerequisites. Attendees should have familiarity with the numerical solution of PDEs on distributed
memory computers. Examples will be shown in various programming languages, including Fortran, C, and C++ so
specific language background should not matter. To participate in the handson portion, a computer with a unixlike
operating system and a CD drive is required for software installation.  Resources permitting, we are also planning to
provide an offsite tutorial server for downloading and building software to ensure a controlled and consistent work
environment.  All examples will also be projected on the front screen for those without computer or network access.

Duration. Full day is preferred, although this tutorial can be given as either a half or full day.  If selected for a half
day tutorial, we will focus on the introductory material, and provide an abbreviated description of the interfaces and
their use in applications.  The handson portions of the tutorial will be eliminated. 

Relevance.   The advent of petascale computing will enable increasingly complex, realistic simulations of PDE-

based applications. Numerous software tools are used to help manage the complexity of these simulations, including
computer-aided  design  systems  used  to  represent  the  geometry  of  the  computational  domain,  advanced  mesh
generation  tools  to  discretize  those  domains,  solution  adaptive  methods  (AMR)  to  improve  the  accuracy  and
efficiency of  simulation techniques,  and parallel  tools such as dynamic partitioning to ease implementation on
today's  computer  architectures.  However,  managing  the  complexity  of  interactions  between  these  services  on
distributed memory comptuers is becoming increasingly difficult,  leaving developers  little time to focus on the
science of their applications.  The ITAPS center focuses on providing tools to fill specific technology gaps, along
with underlying  interfaces providing interoperability between these tools. Mesh- and geometry-based tools which
enable PDE simulation continue a trend towards high-performance libraries started by solvers, and we believe these
tools will have similar influence on application scientist productivity. We will demonstrate this using examples from
applications ranging from accelerator and fusion modeling to nuclear reactor and groundwater flow simulations.
These examples will show how scientists are leveraging ITAPS technologies to increase their simulation accuracy,
allow them to operate more effectively on complex computational domains, or reduce the total time to solution.

Brief Description of Tutorial. 
The tutorial is divided into 6 basic modules as described below:

1. Overview and  introduction:  Introduces   students   to   the  need  for  advanced  mesh  and  geometry   libraries   for
parallel simulation and provides example that motivate their use.   We discuss the ITAPS philosophy; namely
that such services can be provided in an interoperable way that provides maximum flexibility to the application
programmer.  We compare the ITAPS approach with other commonly used software development methods.

2



ITAPS SC2008 Tutorial Proposal

2. ITAPS data model:  We introduce the ITAPS data model and its three core interfaces for mesh geometry, and
fields along with the parallel data model for partitions. This abstract data model is based on information flow in
PDE simulations and supports a wide array of technologies and usage scenarios. We also describe how the core
data types associate with each other   through the concept of data relation managers and the building blocks
within the data types: namely entities, entity sets, parts, and tags.  

3. ITAPS interfaces: A set of common interfaces that all tools and implementations support is the key component
of   our   design   philosophy   for   interoperable   tools.    We   do   not   enforce   any   particular   data   structure   or
implementation with our interfaces, requiring only that certain questions about the geometry, mesh, or field data
can be answered through calls to a common interface.   We provide examples of accessing basic information
through these interfaces using both arrays and iterators, how to modify the underlying database, and what is
needed to support parallel computations.   Finally, we discuss the design decisions made to support language
interoperability   through   both   a   C   interface   (which   interoperates   with   C,   C++,   and   Fortran)   and   through
SIDL/Babel (which provides additional interoperability with Java and Python).

4. ITAPS services and tools: There are two basic models for use of ITAPS tools in applications and we give a high
level description of each.  We describe several mesh and geometry services that are available for use including
dynamic partitioning, mesh adaptation, front tracking, and mesh quality improvement.   In each case we give
examples of how applications can benefit from their use.

5. Using   ITAPS:   Approaches  &   Experience:  We provide   several   case   studies   of   use  of   ITAPS  interfaces   in
advanced application settings.   The first focuses on the insertion of ITAPS mesh adaptation software into a
fusion simulation, the second on the use of several ITAPS tools in concert for shape optimization of accelerator
cavities, and the third on the development of a new application for nuclear reactor modeling,   Based on these
and other applications, we provide a list of 'best practices' for use of ITAPS interfaces and software.

6. ITAPS   software:    We   provide   the   necessary   information   for   students   to   download,   use   and   build   ITAPS
implementations and tools.  We give the status of the available software and show examples of developing and
testing a userspecific ITAPS implementation.

Handson exercises.  A series of individual exercises utilizing ITAPS interfaces and tools in PDE simulations on
parallel computers,  described in detail below.

Coordination of the Presentation. The ITAPS team has been working together since July of 2001 and has been
working to develop tutorial materials since November of 2005.  Since that time we have given two half day tutorials
at the CCA quarterly meeting (Jan 2006) and the SciDAC 2007 conference (July 2007) which were both positively
received by participants.  We plan to give two additional half day tutorials before SC08: one at the SciDAC 2008
meeting   (July  2008)  and   the   second  at   the  ACTS  toolkit  meeting   (Aug 2008).    During   this  period,  we have
developed slide materials  that are consistent across different presenters; all slides follow the same template for
visual consistency, and are presented as a single file from one laptop so that  there are no interruptions due to
switching of presentations or computers.   For each tutorial given to date, we have requested and received feedback
and refined our material to reflect this input.

Development Plans. Our tutorial continues to evolve as new technologies and interfaces are defined by various
ITAPS working groups.    The most substantial addition for SC08 will be a detailed description of the interfaces
needed for parallel mesh services.  Our hands on exercises will be updated to reflect these additions as well.  In the
description of ITAPS services, we will focus more heavily on their use in distributed memory environments as well
as their performance on largescale machines.
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Description of HandsOn Exercises
Content.  Roughly two hours of the tutorial is devoted to a series of in depth examples and handson exercises
through   which   the   participants   will   gain   a   good   understanding   of   the   ITAPS   data   model,   interface   design
philosophy and use of ITAPS implementations and tools in basic applications.   At the last hour of the morning
session,   participants will download, assemble and build a simple “Hello ITAPS” application using a predefined,
prebuilt implementation.  This ensures they understand the basic structure of an ITAPS application and provides the
building block for later exercises.   Once this is working correctly, participants will be able to develop a simple
driver application that accesses simple mesh information such as vertex coordinate locations and element adjacency
information using both array and iterator access.   More advanced exercises included for the afternoon handson
session, include the use of the data relations manager interfaces to work with geometry and meshes together, the use
of the parallel interfaces to access offprocessor information, and an example use of one of the ITAPS services (for
SC08 we will focus on mesh partitioning).  We do not expect participants to complete all of these exercises in the
time given, but rather to focus on the one or two of most interest to them.   Finally, for participants interested in
creating their own ITAPS implementation to take advantage of ITAPS tools for their application, we provide a
framework  and  step by  step  instructions   for  building  and   testing   the  compliance  of   the   implementation.    The
participants are encouraged to work at their own pace, and to choose the exercises that particularly interest them. A
written “Handson Guide” will provide detailed, stepbystep instructions for each exercise.  The planned exercises
are as follows:

1) Assembling an ITAPS application “Hello ITAPS” (from prebuilt components)
2) Accessing basic mesh information: vertex coordinate information
3) Accessing basic mesh information: element adjacency information
4) Accessing off processor information in parallel meshes
5) Using an ITAPS service (partitioning a mesh)
6) Using meshes and geometry together: data relations manager
7) Creating an ITAPS implementation and compliance testing

Development Plans for SC08. Many of these exercises have been provided in the past as in depth examples as
part of the lecture portion of the ITAPS tutorial.   For SC08, we will develop the associated software modules as
tutorial material and provide written documentation in the Handson Guide.

Presentation Approach. The most effective approach to a handson session is to provide the participants with a
complete set of written instructions and let them work at their own pace.  Instructors roam the room, both answering
questions and simply checking on student progress to insure that they’re not getting stuck.  Some participants will
naturally form small groups (23 people) to work together on the exercises, while others will work on their own.
Participants can pick and choose among the exercises based on their level of experience and interests.  

Facilities.   To  ensure   the  best   use  of   time  during   the  hands  on  portion  of   the   tutorial,  we   request   that   all
participants have a computer with a unixlike operating environment and a CD drive.  We will provide all examples,
a prebuilt implementation, and the Handson Guide on CD to participants.   We will also endeavor to provide an
offsite   tutorial   server  available  and  provide  guest  accounts   that  allow students   to  work   in  a  more  controlled
environment.  For those that do not have computer or network access we will project the examples on screen and
work through them with students providing input.
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Detailed Outline of Tutorial

Morning Session

1. Overview and introduction (lecture format)
a. The need for advanced mesh and geometry libraries for parallel simulations
b. Motivating examples
c. Overview of the ITAPS philosophy
d. Comparison with other development approaches 

2. ITAPS data model (lecture format)
a. Core data types: Meshes, Partitions, Geometry, and Fields
b. Basic Building blocks: Parts, Entities, Entity Sets, and Tags
c. Managing the relationships between core data types
d. Parallelism in the ITAPS data model

3. ITAPS interfaces (lecture format)
a. Design philosophy and basic tenets 
b. Accessing global (or meta) information
c. Accessing local information using arrays and iterators
d. Modifying the underlying parallel database
e. Parallel operations (communication, ghosting, etc)
f. Language interoperability through the C interface and through SIDL/Babel

4. Handson session:  Exercises 13 of previous section (Hello ITAPS, information query)

Afternoon Session

5. ITAPS services and tools (lecture format)
a. Two models for ITAPS use in applications
b. Available ITAPS services (dynamic partitioning, mesh adaptation, front tracking, mesh quality

improvement)
c. Examples of impact on applications

6. Using ITAPS: Approaches & Experience  (lecture format)
a. Case Study 1: New application for nuclear reactor modeling
b. Case Study 2: Inserting adaptive mesh refinement into a fusion simulation
c. Case Study 3: Using several tools in concert for shape optimization of accelerator cavities
d. Best practices for use of ITAPS software and interfaces

7. ITAPS software (lecture format)
a. Accessing, downloading, and building ITAPS implementations
b. Accessing, downloading, and building ITAPS services
c. ITAPS compliance testing

8. HandsOn Session: complete exercises 13 of previous section, continued work on advanced exercises 48 
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short courses include: finite element theory and methods, automatic mesh generation, adaptive
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Professional Contributions: Mark S. Shephard’s professional activities have focused on
technologies to improve the reliability and level of automation of advanced numerical
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lead to well recognized and applied contributions on the areas of automatic mesh generation of
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software components to enable simulation-based engineering. Simmetrix is currently
researching, developing and providing advanced simulation automation and simulation-based
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Timothy Tautges was trained in nuclear engineering with an emphasis on parallel computing. His
two main research areas are hexahedral mesh generation and component-based application of mesh
and geometry in scientific computing applications. After receiving his Ph.D. from the University of
Wisconsin (thesis topic: parallel nuclear severe accident simulation), he worked on severe accident
modeling at the CEC Joint Research Center, Ispra, Italy, and Sandia National Laboratories. Later
he joined the Cubit mesh generation project at Sandia, where he performed research on unstruc-
tured hexahedral mesh generation. He ultimately lead the Cubit project for two and a half years,
during which the project reduced the overall time to mesh for complex hexahedral meshes by over
a factor of 3. He was responsible for the development and open-source releases of the Common
Geometry Module (CGM) and a Mesh-Oriented datABase (MOAB). After moving to Argonne in
2006, Tim took on the responsibility for mesh and geometry infrastructure for the SHARP reac-
tor simulation project. He also is the Argonne Principle Investigator on the SciDAC ITAPS project.

Professional Preparation
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Adjunct Professor, Engineering Physics, University of Wisconsin, 2000-present.
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tion Transport.
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